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l iama \smnxm. souxiLmuauum. 

Results of an Investigation on Improving s#M- 
trg> nerallvo coatings for columblum invollng zinc 
haw boon reported.(l) One approach was to add a 
third element (aluminum or nickel) to lower the 
vapor pressure of zinc. The temperature limit for 
.xidatlon resistance was raised about 110 F, Re¬ 
placement of zinc by magnesium and addition of a 
third element (copper, nickel, Iron, silicon, or 
antimony) were unsuccessful. Formation of CbSl 2 
In a molten ztnc-alumlnum bath In the pretence of 
.1op resulted In oxidation protection for SO hours 
it i“/X) F. binary alloying >1 the aubatrete with 
up to lb percent vanadium, 5 porcent chromium, or 
b percent zirconium offered no improvement. How¬ 
ever, addition of 10 to lb percent tltenium not 
only gave about a 10 percent Increeae In oxidation 
Hid, but aloo eliminated the "slllclde peat" be¬ 
havior at 1100 to 1650 F. 

± t&m mlm fok 

Under NASA sponaorahip, Chromalloy(2) has in¬ 
vestigated a variety of pack cementation alumlnum- 
bsso coating* for the protection of Cr-5W-0.1Y 
sheet,v ■*) Of the systems studied, a simple elumlnum 
((IrCiAlQ - type) end Iron-aluminum [ (Fe-Cr)* Ai y - 
type) gave the boat results. Under cyclic air 
oxidation, these systems survived over 600 hours 
at 2100 F, compared with 100 hours for the uncoeted 
alley. Oxidation llfo wee about 200 hours at 2400 F. 
Under dynamic conditions of a mach 0.5 flame and 
•;*/) rrm rotation, the systems tended to fall In a- 
i ut ICO hours at 2100 F. Protactlvenaaa of tha 
systems was closely related to AlCrj 04 and PaO»Al« 
Mr/V.-typo splnol formation which also llmltsd 
nitrogen ponatratlon. Ely causing substrate ra- 
i ryr.talllzatlon, the coating procaa* increased the 
bond ductile-brittle transition tempereture (no 
cracks produced in e 90 to 105-degree bend) from 
about 500 to 800 F. However, the oxidation ex¬ 
posure'; raised the transition to above 1600 F, 
primarily boceuae of aluminum diffusion Into the 
substrate, and secondarily because of atmosphere 
contamination of the coetlng. 


between the outer and barrier layers were not bene¬ 
ficial. The outer cladding layers gave cyclic 
oxidation resistance of over 600 hours at 2100 F 
and about 100 hours at 2300 F, with the aluminized 
Ni-3OCr-20# alloy giving thp best performance. 

Rapid oxidation occurred at 2400 F. After exposure 
for 100 hours at 2100 F, the bend ductile-brittle 
transition tempereture wee a minimum of about 1000 1 • 
After exposure at 2300 F, edge cracking was observed 
and the transition was over 1600 F. The mochanUrss 
of embrittlement Included metallic lnterdlffuslcn #* 
9100 F and by both lnterdlffusion and nitrogen con¬ 
tamination at 2300 F. 

■ OATIHG PROTECTION FOR THEBHlQttfc.B1QBES 

In Its development of thermionic diodes for 
operation In hot oxidizing gases. Consolidated 
Control* 1* developing coetlng* for protecting re¬ 
fractory metal*.iM Elimination of free silicon 
made possible an Impermeable grede of pyrolytic 
SIC, which appeert to be of adequate quellty for use 
•t 2550 to 2900 F in elr ea a barrier envelope. 

This material demonstrated the required thermal 
•hock qualities, corrosion resistance, and adequate 
permeation lavala. Also developed was • multi¬ 
element system consisting of Iridium overlayed with 
CaO-stablllzed ZrOg for protecting tungsten In air 
at 3600 F for 2 to 5 hours. The protection con¬ 
cept involved maintenance of • finite partial pres¬ 
sure of Iridium oxide within the coating by Impeding 
vaporization. 

SPACECRAFT APPLICATIONS 

Mertln-Merletta ties ueed coated columblum 
alleys In brazed honeycomb sandwich panels on the 
lowtr wing surface of • l/3-acele model °f * 
l/D winged reentry vehicle, ASCEP.(6u Vacuum 
brazing and coating D-43 alloy with pack cementation 
TRW Cr-Tl-Sl tarioualy degraded the alloy. Sub¬ 
stitution of Sylvanl* 31-20Cr-5Tl slurry coetlng 
geve better coetlng uniformity end reasonable oxlde- 
tlon protection. However, considerably more effort 
is required to develop • reliable materiel-coating 
system for flight applications. 


Aloo under NA3A sponsorship, Bettolle-Columtus 
hes investigated protection of Cr-jR-0.1Y( 3) using 
goo-pror,sure-bonded alloy foil-;/ 4 ' The outer 5 
to 10 mil-thick layer consisted of Hl-3QCr or Nl- 
,O : ,r-20W which wore modlflod with 3 to 5 percent 
aluminum In some cases. The study elao Included 
harrier layers of molybdenum, W-lThOj, H-25Re, end 
tungsten, with tho latter being the most useful In 
preventing interdiffuslon of nickel end chromium. 

; r.paltbl llty layer* of platinum or vanadium 
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